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PALD" < ING ACADEMIC PROGERAM EVALUATION
The "Aubomatic Interaction Deteetor™ as Analysis Tool

}nhrqdugtionrund Perspectives

Academic programs are more than ever called into yuestion. Institutional
Hescareh 1o inercasingly asked to provide impartial analyses 1n these matters,
cupecially when a propram is subgect Lo stronply hela conrlicting views. A
case in poirs is peneral physics laboratory. Many argue that this resource-
consumer is tnnecessary, that students can get the same cducational benetit
via other weans. IR can be in an awkward position when asked Lo "referee.
Analytic methods which have served may now be inappropriate or even harmful.

Purpose

Muny factors contribute to an educational oulcome, perhaps too muny to be
amenable to traditional methods of statistical analysis. Traditionally one
would use o stepwisce procedure with regression or discriminate analysis.
Unfortunately such anaiyses assume that the interactions of the explanatory
variables are additive and that important interactions are with the variables
slready inciuded in the model. The "putomatic Interaction betector,” an iter-
ative Lranching algorithm, (Institute for Social Rescarch, 1973, pp. 593-566)
is used in this study as an alternatlive method which does not require us to
make these assumptions, It also provides the researcher with insight as to
whict, of many possible independent variables arc best at explaining varilance
in the dependent variable.

The "Automatic Interaction Detector™ (program "AID3" of the "OSIRIS" sta-
tistical package) 1is unique among statistical analysis tools. It is more akin
to a chess-playing computer program. At a given point (node) in its analysis,
it "looks ahead" to sec which possible variable combinations lead to which
possible statistical signiricance. It then chooses the path that maximizes
signiticance. In doing so, it constructs a hierarchical "tree" structure.
Nodes at levels nearest the "root" represent the most significance. Variables
of the least effect are automatically filtered out to the farthest "branches"
of the tree,.

The value ot AID3 in an c¢.rucational outcomes analysis is obvious. It can
"chew on" the widest possible set of explanatory variables and “spit out" all
but Lne best. With AID3 there is no need to guess at the best s2t or to use
only those varialtles that are "obviously" appropriate for a good analysis.
AID3 automatically provides the best set, which may then be used in more trad-
itional statistical analyses. Others (Cohen, 1983) have used AID3 alone for
analyses. The present work used AID3 in combination with more traditional
analysis tools, as a "front. end" to winnow the possible explanatory variables
to a best set of manageable size.

LiLerqEArg_Beview

A recent article (Toothacker, 1983) . presents vtiie results of several stu-
dies relaved to the objectives of general science laboratory (Dubravcic, 1979;
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By bk, 19ty Keug bk, T4 3 Saunders L Dickenson, 1979) nd comnc luodes that
they call for the elimnation ot Creshman and sophomore physics Taboratories.,
The Literature is not so one-sided, however. other stuaices have becen ineon-
clusive (Bellanger, 19695 Cunninghan, 19067 Power, 1976, Shulman and Tawmrr,
1973 Watson, 1963) . Yel other tindings have tirmly supported the role of Lhe
Leot e/ Laboratory combination (Bradley, 1968, p. 065 Cunniugham, 1948). il
could be viewed as flaved, with too small cxperimental populations, too {few or
tou wany depundent variables, Loo little concern for "awthorne" cffvols,
(Dubraveic, 19794 Kruglak, 19523 kruplak, 149535 Saunders &% Dickenuon. 1979).

Data Sources

AL Virginia Tech, it 1is not necessary that a student take Ceneral Phynies
lecture and laboratory concurrently. As a result, significant numbers do not.
Thus one can compare the lecture performance of those students who took the
Labaratory concurrently and Lhose who did not, from routine university grade
reports. This study used five years of such data, covering 2,186 student
enrollments, 27 percent of which were for students who did not enroll in the
concurrent laboratory. At a gress level, the data were as shown in Table 1
helow.

Concurrent Laboratory Work and Student Grades in Physics Lecture

Lab Students Non-Lab Students Grade
Academic Term Num . Grade®® ~Nu . Grade Dit'f.
L "—"_*_-_——Tﬂ-'“‘"*-‘_g‘— T i T
E Fall 1979 E 350 2.08 E 123 1.64 E 0.44 i
T e I I K
TTrall tos1 1 sun 2.59 ! T o7 4oz !
e e e [, 1
; Fall 1982 E 313 2.39 E 95 2.09 E 0.30 ;
| b e | m [ 1
; Fall 1983 ; 245 2.17 E 106 2.10 E 0.07 E
|, b e b | 1
; Combined { 1,599 2.29 E 587 1.89 5 0.40 E
| ) ' ! ‘ !

¥% Average grade is calculated on the basis that an "A" is 4.00.

At the gross level, it is apparent that students taking laboratory concur-
rently have historically gone better that '"non-lap" students. It is also
apparent that things began changing in 1982. There is currently little dif-
ference in Physics lecture grade between tne "lab" and "non-lab" students.

With a large population and with the ability to usc unobtrusive measures,
conditions were almost ideal for this type ot descriptive educational outcomes
investigation. With the power of AID3, a broad variely of independent varia-
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bles conld be investivated Lo answer the question of the probable influacnce of
Laboratory un prades in the Physies course.  bemagraphic and avademic explana-
tory variabloes were drawn from the university data base and added Lo the prade
data. The student variables were the tollowing:

1. Phys. lect. Grade 2. Concurrent Lab 4. Yeoar enrolled

4, LAT Math Score H. OAT Verbal beore 6. Hipgh School Kank
f. Overall Grade Ave. B, Student level 9, bkntering lLevel
10. Student. Major 11 Tronster Student 1.0, Student bex

because of AID3's non-additive nature, one way include variables that conld
hardly be thought prade-affeeting. As the above list shows, one mway Lhrow in
cverything, including the kitchen sink.  The total population of student
onrollees was reduced to 1,997 because some students did not receive "A"
throuph "F" letter prades,

(nee bLhe institutional data hod been gathored on the Physics enrotlees,
they were translated into the numeric codes required by AlDL3.  This is an
extra step, and it is a minor nuisance. A simple SAS program converted the
data from ‘institutional form to numeric as tfollows:

Grd: A 12, B+ 11, B 10, etc 2. Lab: 1 Lab, 0 No-Lab

Yr: 79, 80, 81, 82, 83 4., SATM: O NA, 1 <500, 2 >500

SATV: O NA, 1 <500, 2 >500 6. HSR: Class Rank Decile

ovir NA, 2 (-2, 3 2-3, 4 3-4 8. SLvl: 1 Fr, 2 So, 3 Jr, 4 or

9. ELvl: Fr, 2 30, 3 Jr, 4 5r 10. Majr: 1 Ag, 2 Ar, 3 Bu, 4 Ed, 5 EkEn
11. xfer: 1 Yes 12, Sex: O Female, 1 Male

—~N Ut =

[ SN

Ho,

The abbreviations in the above conversion list correspond to the data items
investipgated (by nunber). The abbreviations will be used in this paper's data
tables and figures.

Fethod

With AID3 we performed two separate analyses on the data. The tirst ana-
lysis was unconstrained, considering all of the variables to be of the same
importance. Under this procedure, the algorithm selects the variable which
when used to split the sample gives the largest reduction in the "between" sum
of squares. This unconstrained procedure investigates the general question of
what variables do the best job of explaining Physics lecture grades.

The second procedure took advantage of AID3's ability to constrain an
analysis. Since the immediate qu. stion involved the value of concurrent Phy-
sics laboratory, the algorithm fc.ced the first division on the "Lab/No-Lab"
variable. Further splits were unconstrained. '

AID3 analysis yields a hierarchy of explanatory variables. The hierarchy
may best be viewed as an "inverted tree," as shown in Figures 1 and 2. The
tree diagram for the case where LAB ig not forced as the first split is shown,
in Figure 1. he keys to interpreting the diagram are the node numbers and
the hierarchical levels. The lower the node number, the more significant the
explanatory variable. The necarer a level is to the root, the more significant
are that level's variables. Going down three levels (a good rule of thum
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Frpore 1oshows Lhiat. the mojor vartables are overall prode averapo, SAT Math
Seorce, the year Lhe comise Wb taken, and hiph sohool rank

mtoerestingly, the Mab/No--Lab" vartable does notoappeart o vhie dgron,
al any levelo  An unconstrained ATh§ presented Haoxt a5 Lhie leaot magnnfieant
viariabte afteceting Physies teeture praden. 1L didn't thine very much of con
current laboratory at all. This sort of result is notb ponerally what vthe
researcher would ke to report Lo a customer who asked abont the erteet of
concurrent laboratory on Physies prades, 1L also doesn't necessarily show the
full picture. As will be seen, Lhe second pass —— with the first split foreed
on "Lab/No=Lab" - is ovaluable, as well as palatable.

Fipure ¢ is the Lrew diapgram of Lhe analysis with " ab/Ho-Labt the fhrst
split. The value of the constra tned analysis ioooby ious.  Fipgure ooshows that
concurrent. laboratory is significantly related Lo the Physics lecture prades
carned by the students, worth al least half a levter grade to students of
Gimilar academic stature. In addition to concurrent laboratory, it 15 abso
obvious that the other major explanatory variables are —— as in the first case
e overall prade wverage, SAT Matls score, Lhe year Lhat, Lhe student Look oo
course, and high school rank.

The results ot the two runs of AID3 imply three basic conclusions,  The
first is that the importance of concurrent laboratory depends strongly on whien
in the analysis it is considered. The sceond conclusion is thut the set of
demoyraphlc measul « S which make a difference in explaining grades 1n the Phy-
sics clags include overall grade average, SAT Math score, high school rank,
and the year in which the studen' took the coursc. Finally, some non-additive
interactions oceur in these data. This ovservation comes from noting the sym-
melry of importance of the variables,

From the last observation 4lso comes the conclusion that relatively con-
sistent grouplings are important 1in variables with a large number ot catepo-
ries, such as high school rank. This grouping is important in the stratepy of
going to an ANOVA (ANalysis Of VAriance). If groupings do not exist then a
very large nud of cells will result from the interaction terms. Even more
unfortunately, the large number of cel.s with correlated inaependent varia-
bles means that there 1s a greater likelihvod that some of the cells will be
vacant.

At this point in the analysis process, AID3 has served 1ts purpoue. Fol-
lowing the AID3 analyses, the measures which seemed to be the most relevant in
explaining the course grades were used in a factorial ANOVA. This ANOVA,
while it obtains significant levels, is computed primarily to determine the
relative size of the various main etfects and the interactions in explaining
course grades. This strategy -- AID3 followed by ANOVA -— was adopted because
there were a large number of potential main effects which were scen ds being
related to the course grade. To include all of these effects and their inter-
actions would have created problems of extremely small and unstable cell
sizes. It would have also created the potential for a extremely complex set
of "significant” differences that would have been impossible to interpret.
pre—processing with AID3 avoided thoseproblems.
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Concluding Hemnrkns

Te s aluways daitficult to Lo prove Lhe outcomes ot an ocducat tonal expera -
cnce with post hoce data. AL Lhe same Lime it s amportant Lhal we uooe Lhe
Leoto possible models o deneripbave research Lo inter the probable cause ol
D feronces v onbeomes. This cescareh makes buo contribotions in the inven.
Lipation of o tars whieh intlaenee courne performanee,  First Lo reporbs on
the specrtic question off "What as Lhe role o Physics Lab oin explaining the
performance o, students in o hysios course.” As polted in the revicew ot the
Literature, this is cuarrently an issae of coreern within the Physics profen—
nion,

OF more intorest Lo nstitubional hesearveh s Lhe second contribution:
demoenstration of o method which aliows the Fescarcher to consider a barye oume-
bor of variables as possible explainers ot course performance without making
Lhe restriclive assumptions required by other techniques. In this second
area, the discussion of the problems in Jemonstrating causation and the diftfi-
culby 1o oseleeting the bedt model shonld help those involved in improving our
nnacrsbanding of Lhie tactor s whileh it luence learning in our colivgen ol
universitien,
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